In conjunction with an evaluation of vehicle dynamics on horizontal curves where transition curves are not used, the Swedish turnout geometries have been evaluated. The study quantifies the dynamic vehicle response on alignments according to Swedish UIC60 turnouts and compares it with vehicle response on limiting cases according to applicable track standards. Vehicle dynamics is quantified where there are curves in opposite directions, as in crossovers with 4.5 m track distance. Vehicle dynamics is also illustrated where there are circular curves in the same direction, connected by a short intermediate straight. When a vehicle enters a circular curve, there will be a transient change from the lateral steady-state position on the straight to a new steady-state position on the curve. The simulations show that this transient change in position increases the dynamic lateral wheel/rail forces at the wheel/rail interface compared to the steady-state values on the circular curve. For each curve entry, there is an unfavourable peak load. Such peak loads occur both on circular curves in opposite directions and on circular curves in the same direction that are connected with a short intermediate straight.
Introduction
In Japan, Sweden, USA, and China, several studies on alignment optimisation, based on simulations of vehicle dynamics, have been conducted. Various types of transition curves and cant transition ramps (linear or S-shaped) have been compared [1] [2] [3] [4] [5] [6] . Minimum lengths for straight track elements and circular curves, placed between clothoids and linear cant transitions, have been studied [7] . Optimal combinations of curve radii and clothoids have been evaluated for tilting and non-tilting trains [8, 9] . These studies were focused on representative main line conditions: High train speeds and horizontal curves that are provided with cant and transition curves. However, certain studies were focused on typical geometries for turnouts and sidings with no transition curves [10] [11] [12] .
The present study is an extended version of [10, 11] , focusing on representative radii within the Swedish UIC60 turnouts and curves on sidings. The alignment alternatives consist of combinations of straights and circular curves. The curves are neither canted nor provided with transition curves.
As in earlier Swedish studies, such as [13] , the dynamic vehicle response is quantified through computer simulations with the software GENSYS. The same vehicle models (the international standard coach "Eurofima", Figure 1 , and the Swedish X2000 tilting train) and track model (UIC60 rails with an inclination of 1:30 according to Swedish practice, lumped flexibility in the vertical direction 150 MN/m, friction coefficient of 0.4, etc.) are used. In the present study, no track irregularities are superimposed on the nominal track geometry. The evaluation of vehicle motions and wheel/rail forces follows international standards [14] [15] [16] as closely as possible. A Eurofima coach at Zürich Hb. This type of coach is used by several railway companies in Europe. Photo: B Kufver.
The alignment cases that have been studied correspond either to various worst cases for sidings, according to the Swedish track standards [17] , or to the nominal alignment through the diverging track in Swedish UIC60 turnouts. There are certain discrepancies between the real turnout geometries and the geometries in the present investigation: The rails are not inclined, but vertical, on Swedish standard turnouts. Also, the detailed variations of the rail cross sections through the switch zone and the common crossing zone, as well as check rails, are not used in the simulations. Instead, the rail profiles are constant. This approach is adopted because the focus is on the effects of alignment alterations through turnouts (and not on the detailed geometry of switch blades and common crossings), and also on single curves and reverse curves on sidings that do not contain any switches and crossings.
The Swedish track standards [17] permit a cant deficiency of 100-245 mm depending on the characteristics of the vehicle (non-tilting or tilting). If train speed is 100 km/h or lower, an abrupt change of cant deficiency of 100 mm is permitted (on sidings). For train speeds from 105 km/h to 160 km/h, maximum abrupt change of cant deficiency on sidings is 80 mm. The concept of virtual transitions (i.e. lateral jerk is calculated as change of acceleration multiplied by train speed and divided by bogie king pin spacing) is not used in Sweden. However, the reduction of permitted abrupt change of cant deficiency for train speeds above 100 km/h is based on similar thoughts: Without this reduction, the lateral jerk is believed to become unacceptably high.
Swedish UIC60 turnouts and crossovers
Basic types of Swedish UIC60 turnouts are shown in Table 1 . The switch has tangential geometry, switch radius and turnout radius are the same and the radius ends at the heel of the turnout. There are also two modified turnout versions, where the diverging track consists of a circular curve and a straight. Turnout 1:15 is based on turnout 1:14, but has a 3.606 m long straight at the heel. Turnout 1.27.5 is based on turnout 1:26.5, but has a 3.427 m long straight at the heel.
Vehicle response has been simulated for these types of turnout geometries, as used in crossovers between tracks with 4.5 m track distance (centre to centre), see Tables 2 and 3 . Data processing (band-pass filtering, statistical processing) complies with European standards [14, 15] .
According to Swedish track standards [17] , the use of 1:14 and 1:26.5 turnouts on crossovers between tracks with 4.5 m track distance is not permitted unless the permissible speed in the crossover is reduced below the permissible speed on a single turnout. The intermediate straight is believed to be too short and to generate unfavourable vehicle response. This is the justification for the modified versions 1:15 and 1:27.5 from the basic turnouts. Also, according to the European alignment standards [18] , the straight in a 1:14 crossover is too short for a permissible speed of 80 km/h. However, Table 3 shows that the vehicle response on 1:14 and 1:26.5 crossovers is better than on other crossovers. There is only one exception. For the 1:14 crossover, lateral jerk on entering the second turnout is 1.51 m/s 3 , while it is 1.39 m/s 3 for a 1:18.5 crossover. 
Worst combinations of curves in opposite directions
It has also been considered interesting to study the worst cases of curves in opposite directions (according to Swedish track standards [17] ), where a track is to be shifted 4.5 m in the lateral direction. Tables 4 and 5 [19] for analysis on buffer locking.) 
Combinations of curves in the same direction
There are cases where a turnout is connected with a curve in the same direction. In such cases, a continuous curve is normally preferred, since it requires a shorter length and since the vehicle motions will be less transient. However, for turnouts with a straight at the heel, a continuous curve cannot be arranged. Figures 2 and 3 show some relevant cases, comparing the basic 1:14 turnout which has constant radius with the modified 1:15 turnout which also contains a straight in the diverging track. There are several variants of the cases illustrated in Figure 2 . There are cases without enough space for transition curves, or the transition curves may be of substandard length. The horizontal curve in the plain track may be replaced by a second turnout. For Figure 3 (left) , the second turnout may be a 1:15 turnout. The relevant aspect is that the first turnout has a continuous curve, directly connected with the horizontal curve in the plain track.
A turnout 1:15 followed by a curve in the same direction as the turnout curve may generate unfavourable vehicle motions. In Figures 4-6 
Discussion and conclusions
When wheelsets run on a circular curve under steady-state conditions, they will move laterally (in relation to track centre line) and take an angle of attack (angle between the wheel direction and the direction of the rail). The displacements depend on factors such as curve radius, suspension between wheelset and bogie The simulations show that this transient change in positions increases the dynamic lateral wheel/rail forces at the wheel/rail interface compared to the steady-state values on the circular curve. For each curve entry, there is an unfavourable peak load. Such peak loads may be reduced by using transition curves. Hence, transition curves should preferably be used also on sidings, even though track standards may permit that horizontal curves are not provided with transitions under certain circumstances.
On circular curves in opposite directions with a short intermediate straight, the vehicle motions may be more transient on entering the second curve. This According to the concept of virtual transitions, the lateral jerk should increase linearly with train speed in Table 4 . Analysis [12] of early German literature [20] indicates that the concept of virtual transitions is based on incorrect assumptions, and the dynamic response in Tables 2-5 does not support the assumed vehicle response according to virtual transitions.
The variables describing the motions of the vehicle body (lateral acceleration, lateral jerk and roll velocity) have been low-pass filtered according to the CEN standard for comfort evaluation [14] , but also with two other types of filters. The magnitudes of the peak values vary with the filter used, but the conclusions when different alignment alternatives are compared remain the same. The same type of effect was observed when the type of vehicle was changed. The magnitudes of the variables changed, but the pattern remained the same.
